Changes in ultrastructure of protein bodies in subaleurone cells of rice endosperm during germination were studied by transmission electron microscopy. Thesubaleurone cells contained two different types of protein bodies: PB-I (spherical) and PB-II (crystalline).
Reserve proteins in various seeds are localized in subcellular storage particles. A predominant protein of rice, glutelin, exists in the endosperm,1>2) while globulin is mainly localized in the scutellum and aleurone cells. 3) Mitsuda et al. 4 ) and Hoshikawa5) observed protein body in rice endosperm by electron microscopy. The ultrastructure of rice endosperm tissue was also studied by Bechtel and Pomeranz.6) They reported that the subaleurone region had more protein bodies than the central endosperm and there were three types of protein bodies: large spherical, small spherical and crystalline protein bodies. Bechtel and Juliano7) also described the difference in formation amongthree types of protein bodies in the starchy endosperm. On the other hand, Tanaka et al. 8 ) isolated two types of protein bodies, PB-I and PB-II.
PB-I was spherical
with lamellar structure and considered to be the same as the Mitsuda's particle and as the large spherical protein body reported by Bechtel and Pomeranz. PB-II was stained homogeneously
and not lamellar type and the same as the crystalline protein body reported by Bechtel and Pomeranz. Besides, Tanaka et al.9>10) de- scribed that the dense centers of protein bodies from cooked rice were not digested by human. Recently we reported the effect of cycloheximide on protein breakdown in germinating rice seeds and showed that the glutelin breakdown was affected by the inhibitor of protein synthesis and there were two types of glutelin, an easily-digested type and a hard one.U) In this paper, we demonstrate the difference in digestibility during germination between two types of protein bodies in subaleurone region of rice endosperm by using transmission electron microscope and the change of subunit composition of isolated protein bodies during germination by SDS-polyacrylamide gel electrophoresis.
MATERIALS AND METHODS
Rice seed and germination. Rice seeds of a japonica variety, "Nihonbare,"
harvested in Shiga Prefecture in 1978, were used in this experiment in 1979. The seeds were first sterilized by soaking in 10% aqueous hydrogen peroxide for 20 min, and then rinsed with distilled water throughly.
These seeds were then germinated by placing on defatting-cotton soaked in distilled water in the dark at 30°C for 3 to 9 days. Isolation of protein bodies from germinating grains.
Transmission electron microscopy (TEM
Germinating grains at various stages were first treated with enzymes, which digested starch and cell wall, because they interrupted the isolation of protein bodies. Protein body fractions were isolated by two-phase system of aqueous polymers.
(1) Enzymatic digestion of cell wall andstarch granule.
The germinating grains, after elimination of hull, shoot and roots, were ground in a small mortar, and the homogenates were incubated for 14hr at 28°C with continuous shaking in the enzymesolution containing several protease inhibitors in 0.2m phosphate buffer, pH 6.0: 500 units/ml porcine pancreas a-amylase (purchased from Sigma), 2.5% cellulase Onozuka R-10 and 1.0% macerozyme R-10 (from Yakult Biochemicals Co. Ltd), 5x 10~4m chymostatin, 5x 10"4m leupeptin, 5x 10~4m pepstatin and 2x 10~3m diisopropyl fluorophosphate (DFP) (purchased from Peptide Institute Inc., Osaka) for protection of protein body and 1 y/ml penicillin G (from Nakarai Chemicals, Ltd) for avoidance of bacteria.
(2) Isolation of protein body fraction by using twophase system. The incubated solutions were centrifuged at 2,000 rpm for 10 min. The precipitates were then applied to the two-phase system using polyethylene glycol and dextran reported by Ogawa et al.12) with some modification. The polymer solution consisted of 5.0% dextran T-500, 10% polyethylene glycol 4000, 0.1 m lithium sulfate, 0.3m sucrose and 10mMTris-HCl (pH 7.5). The protein body fractions (PB fractions) accumulated in top phase and interface.
SDS-Polyacrylamide gel electrophoresis (SDS-PAGE).
Change in subunit composition of PB fraction during germination was investigated by sodium dodecyl sulfate electrophoresis according to Laemmli13) in gels containing 15% acrylamide and 0. 1 % bisacrylamide. The PB fractions were dissolved in SDS-urea solution (2% SDS, 2% f}-mercaptoethanol, 8m urea in 0.15m Tris-HCl, pH 6.8) at 100°C for 3min. Then the resultant PB-fractions were applied on a SDS-polyacrylamide gel at a constant voltage of 30V for 18 hr. After electrophoresis, the gel was stained in 0.25% Coomassie brilliant blue R, and then destained by 7% acetic acid containing 25% methanol. The gel was scanned with a Shimadzu dual-wavelength scanner CS910 using 590nmreferenced at 750nm. Bechtel and Pomeranz divided into three types,6) we supposed the essential identity of small and large spherical protein bodies. Figure 1 shows two types of protein bodies in subaleurone cell of endosperm of an ungerminating seed (0 day).
PB-I is spherical with concentric rings and 0.3~3,um in diameter. PB-II is stained uniformly and has not dense core and 1~4jiva in diameter. Figure 2A and 2B show the ultrastructure of protein bodies at 3 days of germination. PB-II which had not the dense core was easily broken down when germination began. The central portion of PB-II was digested more rapidly than the outer portion (Fig.  2B) . On the other hand, PB-I did not change morphologically at 3 days of germination. Starch granules also did not start to be digested. Figure 3 shows the ultrastructure of protein bodies at 6 days of germination. PB-I began to be digested from the outsidejust like as crystal sugar dissolved. Its dense core was not loosed at this stage. Starch granules were digested well. PB-II was almost deconstructed at 6 days of germination. On the contrary, PB-I had not such enzyme and was digested exogeneously by de novo protease, because the breakdown of glutelin began after 3 days of germination and was suppressed by the inhibitor of protein synthesis.11* Change in subunit composition of protein body on SDS-PAG PB-Fractions were isolated efficiently from germinating grains at 0, 3, 6 and 9 days by using enzymatic digestion and the two-phase system. Starch granules and cell wall in the samples were digested well with a-amylase, cellulase and macerozyme. Almost proteinaceous particles were partitioned into the top phase and the interface. Figure 6 shows the PB-fraction isolated from ungerminating rice seeds, revealed by Coomassie brilliant blue. The isolated PB-fractions were dissolved in SDS-urea solution and then the equal amounts of extracts of them were subjected on SDS-PAG. Figure 7 shows the SDS-PAGE patterns of PB-fractions from germinating grains at Fraction from Rice Grain during Germination Detected by SDS-polyacrylamide Gel Electrophoresis.
A. SDS-polyacrylamide gels after electrophoresis by Coomassie brilliant blue staining.
B. Scanning profiles of protein body fractions from germinating grains in SDS-polyacrylamide gels. Gels were scanned using 590nmreferenced at 750nm. Besides, Bechtel and Juliano7) described that the large spherical protein body was deposited with rough endoplasmic reticulum, the crystalline protein body was secreted in vacuoles via the Golgi apparatus and the small spherical protein body was deposited in vesicular rough endoplasmic reticulum. Tanaka et al.10) showed that the crystalline PB (PB-II) was more rapidly digested by pepsin than the spherical PB (PB-I) and the undigested PB in human feces was typical features of spherical (PB-I). Fromthese findings and our observation, we concluded that there were differences in breakdownprocess and in subunit composition between PB-I and PB-II. Weconsidered that PB-II contained bl5 e, d1? fx and f3 subunits, and was digested from the central portion at the early stage of germination by activation of internal latent protease, and that PB-I contained b2, d2 and f2 subunits and was attacked only from the outside at the middle and later stages of germination by de novo protease to supply amino acids and nitrogens for the new plant.
